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Biochemistry. Baylor College of Medicine, Houston, Texas. U.S. A . 
Several antioxidants were tested for their protective effect in Chinese hamster embryo 
cells against ultraviolet light (UVLJ-irradiation . Ascorbic acid, DL-a-tocopherol. butylated 
hydroxytoluene. and reduced glutathione were all shown to reverse UVL-induced cytotoxic-
ity. At concentrations tested, no protective effect was detected when any of these antioxi-
dants were added prior to UVL irradiation. 
The detrimental effects of uJtraviolet radiation 
on living organisms are well documented Ll,2]. It 
has been demonstrated that repeated exposure to 
ultraviolet radiation induces papillomas and ma-
lignant carcinomas in skin of experimental ani-
mals 13-5]. Studies with hairless mice have shown 
that dietary antioxidants are effective in reducing 
the number and severity of UVL-induced squa-
mous cell carcinomas 16,7]. In those studies. a 
mixture of ascorbic. acid. DL-a-tocopherol, gluta-
thione (reduced form). and butylated hydroxy-
toluene (BHTl were fed to the animals. In ad-
dition , several antioxidants have been shown to 
reduce the incidence of cell transformation and 
degree of cytotoxicity that occurs in cultures 
treated with chemicals 18.9]. 
It has recently been demonstrated that UVL is 
capable of transforming cells in culture 110]. In 
view of the significance of this finding as it per-
tains to the carcinogenic effects of UVL and the 
fact that antioxidants have been shov.'Il to sup-
press actinic tumor development in vivo. it seemed 
appropriate to examine the effect of antioxidants 
on UVL-irradiated cells. 
MATERIALS AND METHODS 
A primary Chinese hamster embryo cell line ob-
tained from Flow Laboratory <Rockville. Maryland / 
was used. Cells were cultured routinely in T75 flasks 
(Falcon Plastics. Oxnard, California) at 37C in an at-
mosphere of 5~ CO, and humidified air in Eagle's mini-
mal essential medium containing Earle's balanced salt 
solution, L-glutamine 12 mMl, sodium bicarbonate (20 
mM l, fetal calf serum (10~, v/vJ, and neomycin sulfate 
(100 IJ.g/ml ). Medium was changed every 3 days. For 
subcultures, the cells were usually split 1:4. Confluent 
Manuscript received September 22. 1976; accepLed for 
publication January 18, 1977. 
Supported by National Research Servtce Award 1 F32 
CA05062 02, and USPHS Grant CA 13464 04 from the 
National Cancer Institute. DHEW. 
Reprint requests to: Dr. J . T. Chan, Department of 
Dermatology, Baylor College of Medicine, Texas Medi-
cal Center, Houston, Texas 77025. 
Abbreviations: 
BHT: butylated hydroxytoluene 
UVL: ultraviolet light 
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cultures were used for all experiments, usually 4 days 
after subculture. Cells of the 4th and 7th passages were 
used. After treatment with viokase solution, the cells 
were harvested by centrifugation. The cells were then 
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FIG. 1. Dose-response curve. Cells were plat.ed in 
conditioned medium (fresh medium: used medium, 1:1 l 
at 1 x 103 cells/dish (3002 Falcon plastic Petri d ish, 60 x 
15 mm l. The cells were irradiated with a Sylvania 
germicidal lamp G30T8 (254 nml 24 hr after plating. 
Energy levels were measured with an Eppley circular 
thermopile which has a re latively Oat response between 
wavelengths of 200 to 3,000 nm. 
resuspended in culture medium and plated at 1 x 103 
cells/dish in 60 x 15 mm, Falcon 3002 tissue culture 
Petri dishes (Falcon Plastics). Twenty-four hours later 
the culture medium was replaced with 2 ml of Hanks' 
June 1977 
balanced salt solution, the culture dish covers removed, 
and UVL administered. A Sylvania germicidal lamp 
G30T8 (95% spectral energy emitted at 253.7 nm and 
the rest distributed at 185.0, 312.9, 365.4 , 435.7, 435.8, 
546.1, and 578.0 nml was used as the source of UVL 
radiation . To study the cytotoxicity reversal effect of 
antioxidants, the cells were given a UVL dose of0.5 mJ/ 
em~. After UVL treatment, the Hanks' balanced salt 
~<olution was replaced with 4 ml of conditioned medium. 
The irradiation procedure was completed in 6 sec and no 
pH changes in the Hanks' balanced salt solution were 
detected. Times of antioxidant treatments are noted in 
the legends. Concentrations of a ntioxidants were cho-
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sen from those ranges producing no effect on plating 
efficiency. Eight days after plating, all d ishes were 
ftxed with glacia l acetic acid:methanol solution <1:3, v/ 
vl, air dried, stained with Giemsa solution, and colonies 
of more than 50 cells were scored. Extreme care was 
taken to distinguish the presence of any satellite colo-
nies. Plating efficiency of control cultures, when plated 
at a concentrat ion of 1000 cells/dish, was 12 =. 3~. 
Relative plating efficiency is expressed as follows: 
number of colonies per dish in treatment group x 00 
number of colonies per dish in control group 1 
TABLE . Reversal of' C'ytotoxl('t /y" 
Nonirradiation Prcirradiation Pre-, postirradiation Postirradiation 
Ascorbic acid 115 :t 8.81' 37 :!. 6.4 64 :!: 7.8 79 :!: 7.2 
Glutathione 92:!. 6.0 40 ::!: 8.0 74 :!. 3.4 76 ::!: 8.5 
DL-a-Tocopherol 95 :t 9.3 34 :t 6.8 69 :!: 3.3 71 :!. 10.2 
BHT 103 :!. 9.7 30 :!. 4.4 54 :!: 6.2 69 = 13.9 
" Results represent the mean of two experiments with 6 replicates per treatment group. Stock solutions of 
ascorbic acid and glutathione were prepared in butTered sal me solution whereas that of DL-a -tocopherol and BHT 
were prepared in ethanol. Antioxidant solutions were prepared immediately pnor to use. Final concentrations of 
each antioxidant used were: 0.01 ~A-mole ascorbic acid. 0.02 ~J.mole glutathione, 0.02 ~J.IDOle BHT. and 0.002 ~J.mole 
DL-a-tocopherol per ml medium. Relative plating efficiency for the UVL-irradiated cells that were incubated 
w1thout antioxidant is 31 = 7 . I. 
h Values represent relative plating efficiency = standard deviatiOn. 
FIC. 2. Antioxidant mediated reversal of UVL cytotoxicity. All four antioxidants used in our study showed 
similar responses. The figure here represents only that ofBHT. From left to right: Nonirradiated cells t reated with 
BHT; cells incubated for 22 hr in medium containing BHT before UVL irradiat ion: cells incubated in medium 
I.'Ontaining BHT before and after UVL treatment; cells incubated in medium containing BHT after UVL irradia-
•ion. 
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RESULTS AND DISCUSSION 
Clone-forming ability rapidly diminished with 
increasing dose of UVL treatment (Fig. 1). A plat-
ing efficiency of approximately 50% (0.5 mJ/cm2) 
was chosen to test the effect of antioxidants. Our 
results demonstrate that all four of the antioxi-
dants tested were capable of promoting cell recov-
ery from UVL irradiation. The results in the Table 
inilicate that incubation of Chinese hamster em-
bryo cells in medium containing antioxidant for 22 
hr prior to UVL exposure did not offer any protec-
tion. However , the presence of antioxidants imme-
diately after UVL exposure (and continuously 
through all 8 days of incubation) increases the 
colony-forming ability of the UVL-irradiated cells 
by more than 100%. Cells with antioxidants in 
culture meilium both before and after UVL expo-
sure showed similar colony-forming ability to 
those with antioxidant in culture medium after 
UVL exposure only (Fig. 2). 
The irradiation of cells in a phosphate-buffered 
saline solution, rather than culture medium, elim-
inated interference of phenol red and precluded 
the formation of photoproducts from culture me-
dium as an influencing factor in the results ob-
tained [ll-13J. Further , some of the antioxidants 
used in this study absorb photic energy in the 
spectral range employed. Antioxidants are also 
known to act as free radical scavengers and to 
inhibit UVL-induced lipid peroxidation. The possi-
bilities, however , that antioxidants used here 
could effectively reduce the dose of UVL to which 
the cells were subjected, or that they prevented 
lipid peroxidation. would tend to be diminished by 
the failure of pre-UVL antioxidant treatment to 
promote recovery. Goodman et a! [14] have re-
ported that BHT does not influence e ither excision 
repair or postreplication repair of DNA in Chinese 
hamster cells treated with UVL or the hepatic 
carcinogen, 2-acetyl-aminofluorene. These work-
ers suggest that BHT acts at t he anti-initiation 
level of carcinogen-induced DNA damage. Prelim-
inary experiments in our laboratory failed to de-
tect any effect on post-UVL unscheduled DNA 
synthesis by any of the antioxidants used in the 
present study. The question arises as to whether 
the cytotoxicity of UVL is related to its carcino-
genic propert ies. If so, it would be difficult to 
ascribe the action of antioxidants at the pre-DNA 
damage levels as UVL is known to directly affect 
DNA 115], to initiate carcinogenesis after a single 
exposure [16], and in view of our present finding 
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that antioxidants are only effective in reversal of 
cytotoxicity when administered after UVL insult. 
Relevant studies into the mode of antioxidant cy-
totoxicity reversal are in progress but it is clear 
that antioxidants are capable of a llaying some of 
the deleterious effects of UVL upon cells. 
We thank Ms. Gail E. Brown for excellen t technical 
assistance and Irene Leung for typing the manuscript. 
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